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RESUMO 
 
Alimentos cozidos com água ou sal fluoretado podem contribuir para o efeito local do 
fluoreto no controle da cárie dental, uma vez que deve ocorrer um aumento da 
concentração de fluoreto nos fluidos bucais toda vez que eles são mastigados. No 
entanto, nenhum estudo determinou a concentração de fluoreto na saliva enquanto os 
alimentos estão sendo mastigados e nem o que ocorre no fluido do biofilme dental. 
Além disso, nenhum estudo comparou diretamente água versus sal fluoretado. Com 
o objetivo de responder essas lacunas existentes na literatura, um estudo clínico, 
cego, cruzado, foi conduzido em três fases durante as quais 12 voluntários fizeram 
uma refeição à base de arroz, feijão e carne com legumes. Os alimentos foram 
preparados de forma padronizada com água e sal não fluoretado (grupo controle), 
água fluoretada com 0,7 mg F/L (grupo água) ou sal fluoretado com 183,7 mg F/Kg 
(grupo sal). Dois dias antes de cada fase, os voluntários interromperam a escovação 
dos dentes superiores posteriores para que houvesse quantidade de biofilme dental 
suficiente para análise de fluoreto. Em cada fase, biofilme e saliva estimulada foram 
coletados antes da refeição (valores de baseline). Os voluntários receberam um prato 
com quantidade (4,7 g de alimentos/Kg peso corporal do voluntário) e proporções 
(42% de arroz, 32% de feijão e 26% de carne com legumes) de cada alimento 
padronizadas. A refeição foi ingerida em um tempo padronizado de 15 min. Durante 
esse tempo, bolo alimentar produzido pela mastigação de uma colher de sopa de 
alimentos foi coletado após 5, 10 e 15 min do início da refeição. Após à refeição, foi 
realizada uma coleta de biofilme dental (até 3 min após à refeição) e coletas de saliva 
total não estimulada em tempos pré-determinados (20, 25, 30, 45, 75 e 135 min após 
o início da refeição). A concentração de fluoreto foi determinada na refeição ingerida, 
nos sobrenadantes das amostras de bolo alimentar e saliva, e no fluido e partes 
sólidas do biofilme. Essas determinações de fluoreto foram feitas com eletrodo íon 
específico. Os dados foram analisados por Análise de Variância, seguido do teste de 
Tukey, e teste t para amostras pareadas. A concentração de fluoreto (μg 
F/g;média±DP;n=4) nas refeições foi de 0,04(±0,01), 0,43(±0,04) e 1,71(±0,3), 
respectivamente para os grupos controle, água e sal, diferenças essas significativas 
(p<0,05). Para concentração de fluoreto na saliva, os grupos não diferiram quanto ao 
baseline (p˃0,05), mas diferiram (sal˃água˃controle) quando da mastigação 
(p˂0,0001) e em todos os tempos após a ingestão da refeição (p˂0,04). A 
 
 
concentração de fluoreto na saliva retornou aos valores basais após 45 min do início 
da refeição para o grupo água (p=0,24), mas permaneceu elevada por até 135 min 
para o grupo sal (p=0,0024).  Em comparação com o baseline, a concentração de 
fluoreto no fluido do biofilme aumentou para os grupos água (p=0,0002) e sal 
fluoretado (p=0,0082). Na comparação entre grupos, somente o grupo sal diferiu 
(p=0,008) do grupo controle. Conclui-se que a concentração de fluoreto aumenta na 
saliva e fluido do biofilme durante o tempo em que alimentos cozidos com água ou sal 
fluoretado são mastigados, o que deve contribuir para o efeito local anticárie desses 
meios de uso de fluoreto.  
 
Palavras-chave: fluoreto, placa dental, saliva, fluoretação 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ABSTRACT 
 
Food cooked with fluoridated water or salt may contribute to the local effect of fluoride 
on caries control because an increase of the fluoride concentration in oral fluids might 
occur every time that they are chewed. However, no study determined fluoride 
concentration in saliva when foods are being chewed, and nor what occurs in biofilm 
fluid. In addition, no study directly compared fluoridated water versus salt. To clarify 
these gaps in the literature, a blind, crossover, clinical study was conducted in 3-
phases during which 12 volunteers made a meal based on rice, beans, and meat and 
legumes. Foods were prepared of standardized way with non-fluoridated water and 
salt (control group), fluoridated water at 0.7 mg F/L (water group) or fluoridated salt at 
183.7 mg F/kg (salt group). Two days before each phase, volunteers refrained to brush 
the posterior upper teeth to allow an amount of biofilm accumulation for fluoride 
analysis. In each phase, biofilm and stimulated saliva were collected before the meal 
(baseline values). The volunteers received a plate with standardized amount (4.7 g 
food/Kg body weight) and proportion (42% of rice, 32% of beans and 26% meat and 
vegetables) of each food. The meal was ingested at the assigned time of 15 min. At 
the times of 5, 10 and 15 min from the beginning of the meal, the volunteers inserted 
in the mouth a soup spoon of meal and the alimentary bolus produced by the 
mastication were collected. After finishing the meal, one sample of dental biofilm (up 3 
min after the meal) and samples of unstimulated saliva (20, 25, 30, 45, 75 and 135 min 
from the beginning of the meal) were collected at predetermined times. Fluoride 
concentration was determined in the ingested meal, in supernatants of alimentary 
bolus and saliva samples, and in fluid and solid parts of the biofilm. These fluoride 
determinations were made with ion specific electrode. Data were analyzed by ANOVA 
followed by Tukey’s test, and paired t test. Fluoride concentration (μg 
F/g;mean±SD;n=4) in meals was 0.04(±0.01), 0.43(±0.04) and 1.71(±0.3), respectively 
for the control, water and salt group, which were significantly different (p<0.05). For the 
fluoride concentration in saliva, the groups did not differ for the baseline (p˃0.05), but 
differed (salt˃water˃control) during the time that the meal was chewed (p˂0.0001) and 
in all times after the meal ingestion (p˂0.04). Fluoride concentration in the saliva 
returned to baseline values after 45 min from the beginning of the meal for the water 
group (p=0.24), but remained high for up to 135 min for the salt group (p=0.0024). 
When compared with the baseline, fluoride concentration in biofilm fluid increased for 
 
 
the water (p=0.0002) and salt group (p=0.0082). Comparing treatment groups, only the 
salt group differed (p=0.008) from the group control. In conclusion, the increase of 
fluoride concentration in saliva and biofilm fluid during the time that foods cooked with 
fluoridated water or salt are being chewed may contribute to the anticaries local effect 
of these ways of fluoride use. 
 
Keywords: fluoride, dental plaque, saliva, fluoridation 
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1 INTRODUÇÃO 
 
A cárie é uma doença biofilme-açúcar dependente que pode levar a 
dissolução progressiva do mineral do dente (Fejerskov, 2004). O acúmulo de biofilme 
dental é necessário, mas não suficiente para desenvolver as lesões de cárie, sendo 
açúcar da dieta o fator determinante negativo e a principal causa da doença (Tenuta 
e Cury, 2010; Sheiham e James, 2015). Idealmente, o controle da cárie deveria ser 
focado na remoção ou desorganização do biofilme dental e na redução do consumo 
de açúcar (Cury e Tenuta, 2008). No entanto, o sucesso dessas duas medidas é 
limitado e a cárie não tratada ainda afeta aproximadamente 3 bilhões de pessoas no 
mundo e é a doença mais prevalente de todas as condições orais avaliadas em Estudo 
de Carga Global de Doenças, Injúrias e Fatores de Risco (Marcenes et al., 2013).  
O uso de flúor (íon flúor ou fluoreto) tem sido a medida de maior impacto 
para a redução de cárie, agindo como fator determinante positivo no controle da 
doença. Apesar do fluoreto não interferir no acúmulo de biofilme e nem na produção 
de ácidos bacterianos pela exposição aos açúcares da dieta, ele é capaz de equilibrar 
a perda mineral ocasionada por esses dois fatores, interferindo quimicamente no 
processo de desenvolvimento da doença (Tenuta e Cury, 2010). Dentre as formas de 
utilização de fluoreto, a água e o sal fluoretado são meios comunitários de baixo custo 
(Cobiac e Vos, 2012, Marthaler, 2013), de ampla abrangência (Splieth et al., 2016) e 
efetivos no controle da cárie dental (Yengopal et al., 2010; Iheozor-Ejiofor et al., 2015). 
Portanto a fluoretação da água ou sal são intervenções recomendadas universalmente 
para reduzir a incidência e prevalência mundial de cárie (Petersen e Lennon, 2004). 
Durante muito tempo o mecanismo de ação do íon flúor veiculado pela água 
ou sal fluoretado foi considerado sistêmico, porque se atribuía ao fluoreto incorporado 
no esmalte durante a amelogênese sua maior resistência aos ácidos bacterianos 
produzidos quando da exposição do biofilme dental a açúcares da dieta (Fejerskov, 
2004). No entanto, durante a mineralização do esmalte não se forma fluorapatita 
(Fejerskov et al., 1981) e não há uma relação direta entre concentração de fluoreto no 
esmalte e redução de solubilidade em ácidos (Ögaard et al., 1988). Em acréscimo, 
pequenas concentrações de fluoreto no meio ácido são mais eficazes para reduzir a 
desmineralização do que o fluoreto incorporado no esmalte (Fejerskov et al., 1981). 
Diante do exposto, o efeito pré-eruptivo não é o principal mecanismo pelo qual o 
fluoreto age no controle da cárie dental (Fejerskov et al., 1981).  
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Atualmente, é aceito que independente do meio utilizado, o principal 
mecanismo pelo qual o fluoreto exerce seu efeito no controle da cárie é local (Cury e 
Tenuta, 2008).  A doença ocorre por um processo dinâmico em que uma perturbação 
do equilíbrio iônico entre o mineral do dente e o biofilme dental devido à produção de 
ácidos bacterianos quando da ingestão de açúcares da dieta ocasiona uma sequência 
de episódios de desmineralização e remineralização da estrutura dental (Fejerskov, 
1997). O fluoreto é capaz de interferir físico-quimicamente com esse processo, 
reduzindo, revertendo ou paralisando as lesões de cárie. Para isso, o fluoreto deve 
estar regularmente presente nos fluidos orais. Quando presente no fluido do biofilme, 
o fluoreto é capaz de reduzir a desmineralização do dente, pois ao mesmo tempo que 
ocorre a dissolução do mineral natural do dente durante a queda de pH, parte do 
mineral perdido pelo esmalte é reposto na forma de fluorapatita (Cury e Tenuta, 2009). 
Após o desafio cariogênico, o pH volta ao normal, o meio volta a ficar supersaturante 
e a remineralização (reposição de minerais) do esmalte é ativada pela presença de 
fluoreto (Cury e Tenuta, 2009). Portanto, para que o efeito local da água e do sal 
fluoretado no controle de cárie ocorra, deve haver um aumento da concentração de 
fluoreto nos fluidos orais. Esse aumento pode ocorrer quando a água é bebida ou 
alimentos cozidos com água ou sal fluoretado são mastigados, como pelo retorno do 
fluoreto à cavidade oral via secreção salivar após a ingestão da água ou alimentos. 
O efeito local do fluoreto veiculado pela água no controle da cárie é 
atribuído principalmente à água que é bebida (Cury e Tenuta, 2008). No entanto, o ato 
de mastigar alimentos preparados com ela também deve aumentar a concentração de 
fluoreto nos fluidos orais, já que os alimentos absorvem fluoreto durante o cozimento 
(Jackson et al., 2002; Casarin et al., 2007). Brunn e Thylstrup (1984) mostraram um 
aumento da concentração de fluoreto na saliva após a ingestão de água fluoretada. 
Enquanto que Hedman et al. (2006) mostraram um aumento da concentração de 
fluoreto na saliva coletada imediatamente após a ingestão de macarronada preparada 
com água fluoretada. Apesar dos estudos mostrarem um aumento da concentração 
de fluoreto na saliva após o uso de água fluoretada para beber ou cozinhar alimentos, 
nenhum estudo mostrou o que ocorre com a concentração de fluoreto na saliva 
durante o tempo em que alimentos são mastigados e nem se há um aumento da 
concentração de fluoreto no fluido do biofilme dental. 
Assim como ocorre com a água fluoretada, um aumento da concentração 
de fluoreto deve ocorrer nos fluidos orais quando da mastigação de alimentos 
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preparados com sal fluoretado. Na saliva, a concentração de fluoreto aumenta após a 
ingestão de pipoca (Björnström et al., 2004), pães e bolos (Macpherson e Stephen, 
2001) preparados com sal fluoretado. No entanto, não existem dados referentes à 
concentração de fluoreto no fluido do biofilme com o uso de sal. O único estudo 
encontrado na literatura avaliou o biofilme total e mostrou um aumento da 
concentração de fluoreto após a ingestão de pipoca estourada com sal fluoretado 
(Björnström et al., 2004).  
Quando a água fluoretada ou o alimento preparado com água ou sal 
fluoretado são ingeridos, o fluoreto é rapidamente absorvido no trato gastrointestinal 
e, após aproximadamente 30-45 min da ingestão, 90% do fluoreto está presente na 
corrente sanguínea (Whitford, 1996). A partir da corrente sanguínea, esse fluoreto é 
distribuído e depositado em diversos tecidos e órgãos do corpo humano, incluindo as 
glândulas salivares (Whitford, 1996). Com isso, o fluoreto retorna à cavidade bucal via 
secreção salivar (Whitford, 1996; Ekstrand e Oliveby, 1999) e essa reciclagem 
sistêmica do fluoreto deve ser capaz de manter a concentração de fluoreto nos fluidos 
orais levemente elevada ao longo do dia, como demonstrado por Oliveby e 
colaboradores (1990). 
 Visto que a literatura é escassa de dados com relação à concentração de 
fluoreto na saliva e fluido do biofilme dental quando alimentos preparados com água 
ou sal fluoretado são consumidos e que nenhum estudo comparou essas duas 
intervenções de uso de fluoreto, este trabalho teve por objetivo determinar a 
concentração de fluoreto na saliva e fluido do biofilme dental durante o tempo em que 
alimentos cozidos com água ou sal fluoretado são mastigados e após a ingestão 
desses alimentos. Os resultados do estudo estão descritos no capítulo 1 - Fluoride 
increase in saliva and dental biofilm due to a meal prepared with fluoridated water or 
salt – a crossover clinical study dessa tese, o qual foi submetido à publicação no 
períodico Caries Research. 
 
 
 
 
 
 
 
17 
 
2 ARTIGO 
 
Fluoride increase in saliva and dental biofilm due to a meal prepared with 
fluoridated water or salt – a crossover clinical study 
 
Carolina V. Lima1 
Livia M. A. Tenuta 1,2 
Jaime A. Cury1 
 
 
1Piracicaba Dental School, University of Campinas, Piracicaba, SP, Brazil 
2School of Dentistry, University of Michigan, Ann Arbor, MI, United States of America   
 
 
 
Short title: Fluoride in oral fluids from fluoridated water or salt  
 
 
Key words: fluoride, dental plaque, saliva, fluoridation 
 
 
 
 
Corresponding Author 
Prof. Jaime A Cury 
Piracicaba Dental School, UNICAMP 
C.P. 52 
13414-903, Piracicaba, SP, Brazil 
E-mail: jcury@unicamp.br 
 
 
 
 
 
18 
 
DECLARATION OF INTERESTS 
None of the authors have conflicts of interest to declare. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
19 
 
Abstract 
 
This randomized single-bond crossover study was conducted because the knowledge 
about fluoride delivery to oral fluids from foods cooked with fluoridated water or salt is 
scarce, and no study evaluated fluoride concentration in saliva and biofilm during the 
time that a meal is eaten. Twelve volunteers ingested a meal (rice, beans, meat and 
legumes) prepared with non-fluoridated water and salt (control group), fluoridated 
water at 0.70 mg F/L (water group) or fluoridated salt at 183.7 mg F/kg (salt group). 
Whole saliva was collected before, during mastication and up to 2 h after the meal 
ingestion. Dental biofilm was collected before and immediately after the meal ingestion. 
Fluoride concentration in saliva and dental biofilm was determined with ion-specific 
electrode. Fluoride concentration (μg F/g;mean±SD;n=4) determined in the meals was 
0.039±0.01, 0.43±0.04 and 1.71±0.32 for the control, the water and the salt groups, 
respectively. The three groups differed from each other in the fluoride concentration in 
saliva collected during mastication (p˂0.0001) and after meal ingestion (p˂0.04) 
(salt˃water˃control). Fluoride concentration in saliva returned to its baseline values 30 
min after the meal in the water group (p=0.235), but in the salt group it remained high 
up to 2 h after the meal (p=0.002). Regarding fluoride concentration in the biofilm fluid, 
only the salt group differed (p=0.008) from the control. In conclusion, the mastication 
of foods cooked with fluoridated water or salt increases fluoride concentration in oral 
fluids and may contribute to the local effect of these community-based ways of fluoride 
use on caries control.  
[Registered in ClinicalTrials.gov; Oral fluoride bioavailability by the consumption of 
meals prepared with fluoridated water or salt; NCT02776280] 
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Introduction 
 
The use of fluoride is considered the major breakthrough in public health due to 
the reduction in the incidence and severity of dental caries [Petersen and Ogawa, 
2016]. However, according to the Global Burden of Diseases, Injuries and Risk Factors 
Study, untreated caries is the most prevalent disease among the oral conditions 
evaluated, affecting approximately 3 billion people worldwide [Marcenes et al., 2013]. 
For this reason, public health programs adding fluoride into water or salt are 
recommended for the prevention of dental caries [Petersen and Lennon, 2004].  
In the past, the effect of fluoridated water and salt was considered to be systemic 
[Fejerskov, 2004]. Nowadays, there is a consensus that the main effect of fluoride on 
caries is local, and fluoride must be present in biofilm fluid and saliva during sugar 
exposure to interfere with the caries process [Cury and Tenuta, 2008]. If constantly 
present in the oral environment, fluoride is able to reduce dental demineralization and 
enhance remineralization [Fejerskov et al., 2015]. Based on this mechanism of action, 
in order to control caries, fluoride concentration in saliva and dental biofilm should 
increase when water is drunk, or when foods cooked with fluoridated water or salt are 
chewed.   
Regarding the fluoride concentration in saliva, some studies have shown that 
fluoride concentration increases immediately after the intake of food prepared with 
fluoridated water or salt. Hedman et al. [2006] showed an increase after the ingestion 
of spaghetti containing minced meat in tomato sauce cooked with only fluoridated 
water or with a combination of fluoridated water and salt. This increase was higher and 
remained high for up to 30 min when the two sources of fluoride were used together. 
Björnström et al. [2004] showed an increase of fluoride in saliva immediately and for 
up to 120 min after consumption of popcorn cooked with fluoridated salt. Macpherson 
and Stephen [2001] also showed that fluoride concentration in saliva increased for up 
to 10 min after the ingestion of different products such as bread and cakes cooked with 
fluoridated salt. However, none of these studies compared the difference of fluoride 
concentration in saliva due to the ingestion of foods cooked with fluoridated water or 
salt. Also, all these studies evaluated fluoride concentration in saliva after food 
ingestion, not during the time that the food was being chewed. 
With respect to the fluoride concentration in biofilm, the only study found showed 
increased fluoride concentrations in the whole biofilm (fluid+solids) for up to 2 h after 
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the intake of popcorn cooked with fluoridated salt [Björnström et al., 2004]. However, 
the differentiation between fluoride concentration in solids and fluid fractions of the 
biofilm is relevant because the fluid phase is directly responsible for the ionic 
equilibrium between the tooth minerals and saliva [Margolis and Moreno, 1990]. 
Furthermore, fluoride concentration in the biofilm fluid should reflect the recent 
exposure to fluoride, whereas fluoride build-up in the biofilm solids may represent the 
equilibrium between the biofilm and its previous exposures to fluoride. However, there 
are no data about the fluoride concentration in the biofilm fluid after the use of 
fluoridated water or salt, or comparing both.  
Thus, this study aimed to evaluate if a meal cooked with fluoridated water or salt 
increases fluoride concentration in saliva during the time that the meal is chewed and 
after the ingestion, as well as if it increases fluoride concentration in dental biofilm after 
meal ingestion. 
 
Materials and methods 
 
Ethical Considerations 
 This study was approved by the Ethics Committee of the Piracicaba Dental 
School under protocol 39264214.2.0000.5418, following the guidelines of the Helsinki 
Declaration, and was registered in the Clinical Trial under the number NCT02776280. 
All volunteers signed informed consent form.  
 Twelve volunteers (23-32 years-old; 65.9 ± 12.3 kg; 4 male and 8 female) were 
selected based on good, general and oral health as well as normal salivary flow rate 
(stimulated >0.7 mL/min). Also, they were not using antiplaque dentifrice and 
mouthrinse, nor taking antibiotics for 1 month prior to the study, and were not under 
orthodontic treatment. The volunteers were undergraduate and graduate students in 
Dentistry and they lived in Piracicaba (city with optimally fluoridated water; 0.6-0.8 mg 
F/L), São Paulo, Brazil. 
 
Study Design 
 An in vivo randomized single-blind (the analyst) crossover study was conducted 
with 12 volunteers. In each phase, groups of volunteers were randomly allocated to 
the treatments by computerized random numbers generator and were subjected to one 
of the following treatments: (i) meal cooked with non-fluoridated water and salt (control 
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group); (ii) meal cooked with optimally fluoridated water at 0.7 mg F/L and non-
fluoridated salt (water group); (iii) or meal cooked with non-fluoridated water and 
fluoridated salt at 183.7 mg F/Kg (salt group). The volunteers received a plate 
containing standardized amount of rice, beans, and meat and legumes according to 
their body weight. The time to ingest the meal was set in 15 min. Whole saliva was 
collected before (baseline), three times during the mastication (5, 10 and 15 min; saliva 
mixed with alimentary bolus) and after 20, 25, 30, 45, 75 and 135 min of the beginning 
of the meal (Figure 1). Dental biofilm was collected before and immediately after the 
meal intake (Figure 1). Fluoride concentration in saliva and biofilm was determined by 
ion-specific electrode.  
 
 
Figure 1. Flowchart showing the collection time of alimentary bolus mixed saliva, dental 
biofilm and saliva during the experiment 
 
Sample size 
No data was available on fluoride concentration in dental biofilm fluid exposed 
to fluoridated salt or water, but previous data of fluoride concentration determined in 
the supernatant of alimentary bolus collected during the mastication of food cooked 
with fluoridated water [Cury et al., personal information] suggested that two volunteers 
would be enough to allow a power of 80% and α of 5% to differentiate the effect of 
fluoridated water compared with the negative control group. Considering that the meal 
prepared with fluoridated salt had a higher fluoride concentration than that prepared 
with fluoridated water, and therefore would also be expected to differ from the control 
group, the number of volunteers was set at 12 as a reasonable number to be handled 
by the study team. 
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Food preparation 
 To cook the foods for the water group, a solution at 0.7 mg F/L (optimally local 
concentration in the water) was prepared in the laboratory from NaF. For the salt group, 
Marina® salt (Callao, Peru), containing 183.7 mg F/Kg determined by direct technique 
[Cury et al., 1983] was used. For the control group purified water (˂0.05 mg F/L) and 
non-fluoridated salt (˂1.4 mg F/kg; Cisne®, Cabo Frio, Brazil) were used. 
The foods were cooked in a standardized way for the three groups of treatment. 
The quantities of food, water and salt were: 1.2 L of water and 18 g of salt for 600 g of 
rice; 1.5 L of water and 9 g of salt for 400 g of beans, and 0.35 L of water and 9 g of 
salt for 450 g of meat. Considering the volume of fluoridated water or weight of 
fluoridated salt used to cook each food, the quantities of fluoride (mg) used for the 
water group were: 0.8 mg F for the rice, 1.1 mg F for the beans and 0.2 mg F for the 
meat and legumes, total of 2.1 mg F. For the salt group, the quantities were 3.3 mg F 
for the rice, 1.7 mg F for the beans, and 1.7 mg F for the meat and legumes, total of 
6.7 mg F.  
 
Standardization of the amount of food ingested by the volunteers  
 A pilot study with four volunteers (35 ± 22 years-old, 74.6 ± 9.3 Kg) was 
conducted to determine the total amount that would be ingested by each volunteer and 
the proportion of rice, beans, and meat and legumes in the plate. The volunteers were 
asked to put on the dish quantities of rice, beans, and meat and legumes as they are 
used to eating. The weight of each food was determined and based on the average of 
food ingested, the proportion of each food in the plate was standardized in 42% of rice, 
32% of beans and 26% of meat and legumes. Also, the total amount of the foods 
placed on the dish was standardized according to the volunteer's weight in 4.7 g of 
food/Kg body weight. The mean (± SD; n=12) amount (g) of food eaten by the 
volunteers per meal was 307.4 ± 52.3 g. 
 
Fluoride determination in the meal  
Fifty grams of cooked foods (42% of rice, 32% of beans and 26% of meat and 
legumes), prepared at each study phase, were homogenized with purified water (1:2, 
w/v) using a blender. The volume of 1 mL of each homogenized sample was subjected 
to the microdifusion technique [Martínez-Mier et al., 2011]. The fluoride concentration 
was determined with ion-specific electrode (Orion model 96-09, Orion Research Inc., 
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Boston, Mass., USA) and ion analyzer (Orion VersaStar, Orion Research Inc., Boston, 
Mass., USA) previously calibrated with fluoride standards solutions diffused as the 
samples (0.02 - 4 µg F/mL). The analysis was made in triplicate and the coefficient of 
variation (CV) of the determinations was 5.9%.  
 
Dental biofilm, whole saliva and alimentary bolus collection  
 The volunteers started using non-fluoridated toothpaste to brush their teeth 3 
days before each phase but they refrained from brushing the posterior upper teeth, did 
not use dental floss on these teeth and chewed sugared gum 5 times per day to 
stimulate the biofilm accumulation during the last 2 days.  
The experiment was conducted in the morning with volunteers on fasting and 
without tooth brushing. Stimulated whole saliva and biofilm from the vestibular surfaces 
of right posterior upper teeth were collected before the meal mastication for baseline 
analysis of fluoride concentration. Thereafter, the volunteers received a plate 
containing standardized amount of rice, beans, and meat and legumes according to 
their body weight. They mixed the food and had exactly 15 min to ingest all the meal. 
During these 15 min, alimentary bolus was collected at three moments, at 5, 10 and 
15 min after beginning of the mastication. At each assigned time, the voluntary placed 
one soup spoon of meal in his/her mouth, chewed it for 30 s and all alimentary bolus 
produced was collected in 50 ml centrifuge plastic tubes. The alimentary bolus (chewed 
food mixed with saliva) was centrifuged (3,000 g for 5 min) and the supernatant was 
stored at -10°C for fluoride determination.  
Soon after the meal ingestion (between 15 and 18 min from the beginning of the 
meal), dental biofilm of the vestibular surfaces from the left posterior upper teeth was 
collected. Dental biofilm was not collected from areas that had food debris. Dental 
biofilms, before and after the meal ingestion, were collected with plastic spatula and 
immediately placed inside an oil-filled centrifuge tube to avoid evaporation of the biofilm 
fluid [Vogel et al., 1997].  
Unstimulated whole saliva was collected during 1 min after 20, 25, 30, 45, 75 
and 135 min of the beginning of the meal. Saliva samples were centrifuged 16,000 g 
for 3 min and the supernatant was stored at -10°C for fluoride determination.  
 The volunteers did not drink anything during the meal mastication, but 60 min 
after the ingestion they drank one glass of non-fluoridated water. 
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Fluoride determination in dental biofilm  
The fluoride analysis in dental biofilm was conducted as by Tenuta et al. [2006]. 
After determination of the sample weight, the biofilms were immediately centrifuged for 
10 min (21,000 g) at 4ºC and the fluid parts were separated from solids parts. The fluid 
was collected and the fluoride concentration was determined with fluoride ion-specific 
electrode (Orion model 94-09; Orion Research Inc., Boston, Mass., USA) adapted for 
microanalysis previously calibrated using fluoride standards (1.0-1,000 µM F). The 
determinations were made in triplicate (CV = 6.6%).  
Fluoride in the biofilm solids was extracted with 0.5 M HCl (0.1 mL HCl/10 mg 
biofilm; minimum 50 µL) under agitation at 30 rpm at room temperature for 3 h. The 
samples were centrifuged and the aqueous acid phase was neutralized with 2.5 M 
NaOH, diluted with TISAB III (total ionic strength adjustment buffer) (10:1) (Thermo 
Orion®) and analyzed using the same methodology for the fluid. The determinations 
were made in triplicate (CV = 3.0%). 
 
Fluoride determination in whole saliva and alimentary bolus 
 Fluoride concentration in the supernatant of alimentary bolus and in the saliva 
samples was determined with ion specific electrode by the direct method. A volume of 
0.2 mL of each sample was buffered with 0.02 mL of TISAB III. Fluoride concentration 
was determined with ion-specific electrode (Orion model 96-09) and an ion analyzer 
(Orion VersaStar) previously calibrated using fluoride standards (0.04 - 4 µg F/mL) 
buffered with TISAB III (10:1). The determinations were made in duplicate (CV = 6.1%). 
 
Statistical Analysis  
The normality and homoscedasticity of data were checked for each response 
variable. The data were transformed using log10, except for fluoride concentration 
before meal ingestion in biofilm solids that was transformed using square root. Fluoride 
concentration in the meals was compared using ANOVA. For the analysis of fluoride 
concentration in saliva as a function of time, repeated measures ANOVA was used, 
considering the volunteers as statistical blocks. In the biofilm, groups were compared 
at each collection using ANOVA, considering the volunteers as statistical blocks. Tukey 
test was used as a post-hoc test. Also, the change in fluoride concentration in the 
biofilm within each group before and after the meal was compared using paired t test. 
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The SAS system 9.0 (SAS Institute, Cary, N.C., USA) was used for the analysis and 
the level of significance was set at 5%. 
 
Results   
 
 All volunteers participated on all treatment groups and there were no follow-up 
losses during the study. 
The analysis of fluoride concentration in the meals ingested revealed that all 
groups differed statistically (p˂0.04) (salt˃water˃control) (Table 1). 
 
Table 1. Mean (±SD;n=4) of the fluoride concentration (µg F/g) in the meals ingested 
according to the treatment groups 
Treatment Groups µg F/g 
Control  0.04 ± 0.01 
Water 0.43 ± 0.04 
Salt 1.71 ± 0.3 
All groups differed (p<0.05) among each other 
 
 Regarding fluoride concentration in saliva (Figure 2; Supplementary file), the 
treatment groups did not differ for the baseline values (p≥0.05). There was difference 
between the treatment groups (salt˃water˃control) during meal mastication 
(p˂0.0001). After meal ingestion, the treatment groups differed at all times (p˂0.04) 
(salt˃water˃control). 
  When fluoride concentration in saliva collected during meal mastication was 
compared with baseline value within each treatment group, there was a significant 
increase for the three groups (p˂0.005) (Figure 2; Supplementary file). After the 
beginning of the meal, fluoride concentration returned to the baseline values after 20 
min for the control group (p=0.51), after 45 min for the water group (p=0.24), but 
remained higher up to 135 min for the salt group (p=0.0024) (Figure 2; Supplementary 
file). 
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Figure 2. Mean (±SD;n=12) of the fluoride concentration (µg F/mL) in saliva before 
(baseline), during 5, 10 and 15 min of the meal mastication (saliva mixed with 
alimentary bolus) and from 20 to 135 min from the beginning of the meal, according to 
the treatment groups (control, water and salt) 
 
For the fluoride concentration in biofilm fluid, the groups did not differ at baseline 
(p˃0.05) (Figure 3a). After meal ingestion, only the salt group differed from the control 
group (p=0.0085), but it did not differ from water (p=0.60). Within each treatment group, 
fluoride concentration in biofilm fluid increased after the treatment for water (p=0.0002) 
and salt group (p=0.0082) when compared with baseline values.  
For the biofilm solids, the groups did not differ at baseline and nor after meal 
ingestion (p˃0.05) (Figure 3b). Within each group, the fluoride concentration did not 
differ between before and after meal ingestion (p˃0.05). 
 
 
Figure 3a. Mean (±SD;n=12, except *n=11) of the fluoride concentration in biofilm fluid 
(µmol/L) before and after the meal ingestion according to the treatment groups. Figure 
3b. Mean (±SD;n=12, except *n=11,**n=10,***n=9) of the fluoride concentration in 
biofilm solids (µmol/g) before and after the meal ingestion according to the treatment 
groups 
Distinct small letters represent statistical difference between the groups after the meal ingestion 
(p˂0.05). Column without letter represents no statistical difference among the groups in the same time 
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of collection (p˃0.05). Horizontal bars represent no statistical difference between the times within each 
group (p˃0.05)  
 
Discussion 
 
It is currently accepted that the main effect of all ways of fluoride use 
(community, individual or professional) on caries control is not systemic but local 
[Fejerskov et al., 2015]. Thus, fluoride must be regularly present in the oral cavity to 
interfere with the caries process, reducing demineralization and enhancing 
remineralization. Therefore, fluoridated water or salt use should increase fluoride 
concentration in saliva and biofilm fluid. While the increase through salt fluoridation 
should only be attributed to the mastication of food cooked with fluoridated salt, the 
local effect of fluoridated water can be attributed to both the water that is regularly 
drunk and the mastication of foods cooked with fluoridated water [Cury and Tenuta, 
2008].  
Our results clearly show that fluoride concentration in saliva increases during 
the time that the meals, cooked with either fluoridated water or salt, are consumed 
(Figure 2). Additionally, fluoride concentration in the biofilm fluid increased after meal 
intake (Figure 3a). This increase in saliva and biofilm fluid is explained by the fact that 
the fluoride taken up by the foods during cooking was released to the oral cavity during 
the time that the meals were chewed. Indeed, the fluoride concentration in the meal 
cooked with fluoridated water and salt was, respectively, 11 and 43-fold higher than in 
the control meal (Table 1). When we compared fluoride concentration in the meals 
cooked with fluoridated salt or water, it was 4-fold greater for the salt group (Table 1). 
This difference is a consequence of the 3.2-fold greater amount of fluoride used to 
cook the foods when the fluoridated salt was used when compared with the water 
(M&M, "Food preparation"). It is should be note that we determined fluoride 
concentration in the meal (mixture of 42% of rice, 32% of beans and 26% of meat-
legumes) consumed by the volunteers. Since different foods absorb different amounts 
of fluoride during cooking [Jackson et al., 2002; Casarin et al., 2007; Cury et al., 
personal information], the type of food and the amount added to the plate were 
standardized. In addition, no difference in food fluoride uptake is expected from fluoride 
in the water or salt, because the latter is solubilized in the water used to cook.  
 We believe that this is the first study showing that the fluoride concentration in 
saliva increases during the time that a meal cooked with fluoridated water or salt is 
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consumed. Furthermore, this is the first study showing that, given the higher 
concentration of fluoride in the meal cooked with fluoridated salt than with fluoridated 
water, greater (5-fold) fluoride concentration is released during the chewing of the meal 
cooked with salt when compared with water (Figure 2, mean of fluoride concentration 
in alimentary bolus mixed with saliva at 5, 10 and 15 min of food mastication). 
Therefore, an increase of fluoride in the mouth may occur every time that foods cooked 
with one of these fluoride sources are chewed.  
The curves of figure 2 show that fluoride concentration in the mouth increased 
drastically when the meals cooked with fluoridated water or salt started being chewed 
and remained high during the 15 min of the meal. After 5 min of meal ingestion (time 
20 min in figure 2) the concentration decreased quickly. The fast decrease is similar to 
what happens when fluoridated toothpastes [Serra and Cury, 1992; Newby et al., 2013] 
or mouthrinses [Vogel et al., 1992; Staun Larsen et al., 2017] are used and it is 
explained by the same reason: the fluoride source was eliminated from the mouth and 
stimulated saliva cleared fluoride remaining after food ingestion. The difference 
between the 3 groups was maintained during all time of analysis, as is highlighted in 
the enlarged part of Figure 2 (from 20 min).  
Although the fluoride concentration in saliva decreased 5 min after the ingestion 
of the meal, it remained higher than the baseline values for up to 30 min for the water 
group and 120 min for the salt group. This difference is coherent with the higher amount 
of fluoride (5-fold; Figure 2) delivered into the oral cavity during the time (5, 10 and 15 
min) that meal cooked with fluoridated salt was chewed compared with water. Also, it 
may be a consequence of the greater amount of fluoride that was ingested, absorbed 
and returned to the oral cavity via salivary glands [Whitford, 1996; Ekstrand and 
Oliveby, 1999]. Nevertheless, the contribution of recycled fluoride to the fluoride 
concentration in the oral fluids after the meal should be low in comparison with the 
residual fluoride remaining locally. On the other hand, from the mean amount of foods 
ingested (307 g) by the volunteers (M&M, Standardization of…) and the fluoride 
concentration in the meal cooked with fluoridated water or salt (Table 1), we estimated 
that the systemic effect from the salt (0.52 mg) was 4-fold greater than from the water 
(0.13 mg). Therefore, the systemic effect of a meal cooked with fluoridated salt at 180 
mg F/kg is equivalent to drink almost 4 glasses of water at 0.7 ppm F.    
We believe that this is the first study that determined fluoride concentration in 
the biofilm fluid after ingestion of a meal cooked with fluoridated water or salt. The 
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increase of fluoride concentration found after the ingestion of the meals cooked with 
fluoridated water or salt (Figure 3a) is due to the amount of fluoride that was delivered 
into the mouth during the 15 min that the foods were chewed (Figure 2), since the 
fluoride concentration in biofilm fluid represents the moment of fluoride use and dental 
biofilm was collected soon after meal ingestion (M&M, “Dental biofilm…). The findings 
suggest that fluoride from fluoridated water or salt may also have a local-based effect 
on caries control, because as toothpastes [Cury et al., 2010, Newby et al., 2013] or 
mouthrinses [Souza et al., 2016; Staun Larsen et al., 2017], they are also able to 
increase biofilm fluid fluoride concentration.  
For the biofilm solids, there was no difference in the fluoride concentration after 
the ingestion of meal cooked with fluoridated water or salt (Figure 3b). While the fluid 
of biofilm represents the moment of fluoride use, fluoride in biofilm solids represents 
the apparent steady-state equilibrium between the regular use of fluoride and systemic 
fluoride recycling by saliva. Since the volunteers of this research were exposed to 
optimally fluoridated water, solids reservoirs of biofilm could be previously enriched 
with fluoride.  
Among the limitations of our study, we highlight the lack of power (54%) of the 
sample size to show that the concentration of fluoride in biofilm fluid from water group 
is different from the control. For 80% of power, the sample size should be 22 
volunteers. Another limitation is that only one biofilm sample was collected after the 
meal ingestion, and thus we do not know for how long the concentration is maintained 
greater the baseline values. Also, rice, beans, meat and legumes represent a typical 
Brazilian meal, but not the foods consumed in countries where fluoridated salt program 
is implemented. The amount of salt used depends on the type of food cooked and the 
taste of the consumer. Furthermore, we standardized 15 min as the time volunteers 
had to eat the whole meal, and this may not be real.     
Nevertheless, our findings suggest that foods cooked with fluoridated salt 
present greater fluoride concentration than those cooked with fluoridated water, and 
this may reflect in the fluoride concentration in oral fluids. However, this result may not 
be interpreted as if the salt fluoridation program is more effective to control caries than 
water fluoridation. While fluoride from salt is delivered into oral cavity only during the 
main meals of the day, fluoride from water is, in addition to the foods, released several 
times a day from the water that is drunk.  
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In conclusion, foods cooked with fluoridated water or salt may contribute to the 
local effect on caries control of these community-based ways of fluoride use due to the 
increase of fluoride concentration in saliva and biofilm fluid every time that foods are 
eaten. 
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Supplementary file. Mean (±SD;n=12) of the fluoride concentration (µg F/mL) in saliva 
before (baseline), during 5, 10 and 15 min of the meal mastication (saliva mixed with 
alimentary bolus) and from 20 to 135 min from the beginning of the meal, according to 
the treatment groups (control, water and salt) 
Time (min) 
Treatment groups 
Control Water Salt 
0 0.017 ± 0.005A,a 0.017 ± 0.004A,a 0.020 ± 0.005A,a 
5 0.022 ± 0.003A,b 0.350 ± 0.031B,b 1.610 ± 0.266C,b 
10 0.023 ± 0.004A,b 0.359 ± 0.046B,b 1.805 ± 0.293C,b 
15 0.023 ± 0.003A,b 0.351 ± 0.058B,b 1.890 ± 0.316C,b 
20 0.020 ± 0.003A,abc 0.039 ± 0.010B,c 0.101 ± 0.036C,c 
25 0.017 ± 0.002A,acd 0.027 ± 0.006B,d 0.058 ± 0.016C,d 
30 0.016 ± 0.002A,ad 0.023 ± 0.004B,de 0.048 ± 0.017C,e 
45 0.016 ± 0.002A,ad 0.021 ± 0.004B,aef 0.035 ± 0.009C,f 
75 0.015 ± 0.002A,ad 0.020 ± 0.003B,aef 0.030 ± 0.006C,fg 
135 0.014 ± 0.002A,ad 0.018 ± 0.002B,af 0.026 ± 0.007C,g 
Different capital letters represent statistical difference between the groups (p<0.05). Different small 
letters represent statistical difference between the times within each group (p<0.05) 
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3 CONCLUSÃO 
 
Considerando que: 
1. Ocorre um aumento da concentração de fluoreto na saliva durante a mastigação de 
uma refeição cozida com água ou sal fluoretado, que permanece elevado por até 
135 min após o início da refeição para os grupos água e sal quando comparado ao 
grupo controle. 
2. Ocorre um aumento da concentração de fluoreto no fluido do biofilme dental logo 
após o consumo de uma refeição cozida com água ou sal fluoretado. 
3. Foi observado um maior aumento da concentração de fluoreto nos fluidos orais para 
o grupo sal. 
 
Conclui-se que a mastigação de alimentos preparados com água ou sal 
fluoretado aumenta a concentração de fluoreto nos fluidos orais, o que deve contribuir 
para o efeito local do fluoreto dessas duas intervenções no controle da cárie dental. O 
maior aumento da concentração de fluoreto nos fluidos orais observado quando da 
mastigação de alimentos cozidos com sal fluoretado deve ser atribuído à maior 
concentração de fluoreto na refeição cozida com essa fonte de fluoreto. 
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* De acordo com as normas da UNICAMP/FOP, baseadas na padronização do International Committee of Medical 
Journal Editors - Vancouver Group. Abreviatura dos periódicos em conformidade com o PubMed.  
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